The Interaction of several synthetic analogues of d-ApA with Poly U and Poly dT was examined to explore the effects of substltuents at phosphorus on binding properties of oligonucleotides. These analogues contained a bulky, llpophlllc group (2,2,2-trlchloroethoxy or 2,2,2-trlchloro-l,l-dlmethylethoxy) a small, uncharged hydrogen-bonding group (amldo), or a catlonlc phosphoramldate (2-amlnoethylamldo, protonated In neutral aqueous media) In place of the anlonlc oxygen of the lnternucleotlde phosphate. As determined by "melting curves" each formed a complex with Poly U more stable than the Poly U*d-ApA complex. Binding to Poly dT was comparable or In some cases stronger. Checks on composition (mixing curves) revealed the expected stolchiometry of ldA:2U (or 2dT). Stereochemistry at phosphorus Influenced stability of the complexes, but the effect was not a major one. These results suggest that oligonucleotides containing large, llpophlllc groups, as well as small non-Ionic groups (e.g., the methyl phosphonates) or polar groups, could be useful as probes In hybridization experiments.
To gain information on the course of the substitution reaction, samples 
RESULTS

Dissociation of the complexes of the deoxyadenosine derivatives with
Poly U and Poly dT was followed spectrophotometrlcally. The concentrations correspond to 3.3xl0~5 dA units and 6.7xlO" 5 U (or dT) units. The pH was 6.8 (10 mM Tris-HCl buffer) and in designated cases ethylenediamine (1 mM) or MgCl2 (10 mM) was present. Data are presented graphically (Figures 1-3) and in terms of Tm values (temperature at change in slope of the absorbance versus temperature curves) (Table I) . Table I . In each case the complex formed by the nucleotide analogue was more stable than that formed by d-ApA.
Results on the binding of d-A(TCE)A to
A few experiments were carried out with Poly dT in place of Poly 0. The data in Table I On the other hand significant enhancement (A Tm 8-15°C) was found for complexes of Poly dT with the trichloroethyl and trlchlorodimethylethyl phospho- This feature and the favorable solubility characteristics of the phosphoramidate may be attributed at least in part to the fact that the -NH2 group is small, is uncharged in aqueous solution, and forms hydrogen bonds readily.
(4) The aminoethylphosphoramidate (in d-A(NHC2H4NH 2 )A) also facilitates formation of complexes In this system. Since In neutral aqueous media the basic aminoethyl group is protonated, electrostatic attraction for the anionic Poly U strands is no doubt a stabilizing factor. It may be noted, however, that the non-ionic -NH2 group and the charged -NHC2H4NH3 + have roughly comparable effects on stability of the complexes. An interesting feature of the data for the aminoethyl derivative is the relatively small hyperchromlcity observed on dissociation of the complex in the presence of magnesium ion-about 39% compared to 67% In presence of the ethylenediamine cation or in buffer in absence of magnesium ion (see Figure 3) . These results suggest a change in conformation of the complex In the presence of magnesium Ion.
These model studies provide synthetic leads for incorporating pendant groups at phosphorus in oligonucleotides. The binding studies suggest that such oligomers, even those containing quite large lipophilic side chains, will hybridize to complementary polynucleotide sequences. In subsequent papers we shall report extension of this chemistry to duplex structures containing mixed base sequences.
